Seven swine were experimentally infected with Taenia solium eggs and blood samples from each animal were periodically collected. At the end of the experiment (t140) the animals did not show clinical aspects of cysticercosis or parasites in tongue inspection. All animals were slaughtered and cut into thin slices in searching for cysts. The number of cysts found in each animal varied from 1 to 85. Enzyme-linked immunosorbent assay (ELISA) tests for antibody (Ab) detection and for antigen (Ag) detection were performed, which presented respectively 71 and 57% of positivity. By immunoblot (IB), using 18/14 (T. crassiceps Ag) or lentil-lectin-purified glycoproteins from T. solium Ag (LLGP) as Ag, five (71%) and six (86%) animals were positive, respectively. The association between Ag-ELISA with any IB (18/14 or LLGP) allowed the detection of all animals at 140 days post-experimental infection (days p.e.i.). The use of IB 18/14 combined to the Ag-ELISA allowed the detection of all animals since 70 days p.e.i., and the association between IB LLGP and Ag-ELISA allowed the detection of all animals since 112 days p.e.i. While all animals could be considered healthy by conventional screening tests, the use of immunoassays for detecting Ab and Ag showed better accuracy; therefore it would be more useful than usual clinical examination for screening cysticercosis in slightly infected pigs.
Cysticercosis is a frequent infection in pigs and humans of developing countries. The cyst is the larval stage in the tissue of pigs that ingested viable eggs of Taenia solium. When humans ingest raw or undercooked pork meat containing T. solium cysts, they develop adult tapeworm in their small intestine (Garcia & del Bruto 2000 , Verastegui et al. 2003 . The contact of swine and people with human feces, the lack of pork meat inspection, and the consumption of uncooked or undercooked pork meat are factors promoting and maintaining such disease transmission (Sarti et al. 1988 , Garcia et al. 1991 , PrestesCarneiro et al. 2006 .
The inspection of pork meat for human consumption, showing about 70% of sensitivity , Ngowi et al. 2004 , reduces the transmission risk mainly when animals present high degree of infection, which is more likely to occur in clandestinely raised animals. On the other hand, the inspection in low parasite burden animals showed to be less efficient since a detailed postmortem exam of the meat would cause commercial losses (Gonzalez et al. 1990 , Pinto et al. 2000 .
Immunoassays for antibody (Ab) detection can be useful on a stage previous then slaughter, identifying the non-infected animals from those probably infected. Several authors have being using enzyme-linked immunosorbent assay (ELISA) and immunoblot (IB) in serum samples from naturally infected animals (Gonzalez et al. 1990 , Pathak et al. 1994 , Sciutto et al. 1998 ) and experimentally infected animals (Aluja et al. 1996 , Sciutto et al. 1998 ) with sensitivity and specificity over 70 and 73%, respectively for ELISA, and 90 and 100%, respectively for IB, showing the advantages of the IB assay. Some authors have used the T. crassiceps antigen instead of T. solium larvae antigen (Ag), especially when it is hard to obtain cysts of naturally infected pigs (Biondi et al. 1996 , Pinto et al. 2000 , Nunes et al. 2000 .
Several studies have reported good efficiency on Ag research in cerebral spinal fluid (CSF) of patients with neurocysticercosis (Chang-Yuan et al. 1992 , Diaz et al. 1992 , Pardini et al. 2001 , but the use of serum samples introduces several circulating components that can interfere in the assay, turning it a less reproducible method. There are reports of lower efficiency on Ag research in swine serum even in animals with high infection levels. Part of these studies presented confirmed clinical and post-mortem examination infection (Sciutto et al. 1998 , Nguekam et al. 2003 , Rodríguez-Hidalgo et al. 2003 , Sato et al. 2003 ).
Our aim is to implement more accurate and efficient methods through immunoassay evaluation for Ab and Ag detection in order to improve the screening of swine with low levels of parasite burden.
MATERIAL AND METHODS
Experimental infection -T. solium was obtained from a patient after niclosamide treatment. The eggs were obtained from gravid proglottids, carefully washed, and stored in physiological saline with antibiotics (0.85% sodium chloride containing 1000 units/ml penicillin and 100 units/ml streptomycin) at 4ºC during 28 days (Lightowlers et al. 1996) . In vitro eggs hatching was performed using sodium hypoclorite as previously described (Laws 1968 , Stevenson 1983 . Eggs were then rinsed, resuspended in sterile saline solution (NaCl 0.15M, Merck, Germany) and used to infect the swine.
Seven 2-month-old Landrace swine were orally infected with approximately 200,000 eggs discharged in the mouth of the animals through a pipette. After that, food and water was given to the animals, which were bred in intensive pig farming. Food and water quality was kept under control during the whole experiment to avoid possible contamination. Blood samples of each of the animals were periodically collected during a period of 140 days. Serum samples were separated and stored at -20°C. At the end of the experiment, all swine were humanly slaughtered and their whole muscles, brain and visceral organs (heart, lungs, liver, kidneys, and spleen) were cut into thin slices (about 0.5 cm) in search of cysts. After that they were counted and classified as vesicular or caseous, depending on their macroscopic appearance.
Control groups -The healthy control group was composed of serum samples from 15 swine without any cysts in tongue inspection, which were raised on a local farm with very good hygienic conditions and without any case of cysticercosis or other parasitic diseases for 20 years. These animals received food and water with quality control.
The positive control group was composed of serum samples from four swine with cysticercosis, confirmed by tongue inspection and usual necropsy, showing a lot of cysts in the post-mortem examination, characterizing them as highly infected animals.
Ag -The vesicular fluid of T. crassiceps (VF-Tcra) was obtained as described by Vaz et al. (1997) . The 18/ 14 kDa protein was obtained from VF-Tcra as described by Espindola et al. (2005) .
SDS-PAGE and IB -The membranes with 18/14 kDa antigen were prepared as described before (Espindola et al. 2005 ) and then they were blocked by treatment with 5% skim milk in PBS containing 0.3% Tween 20 (Merck) for 2 h and washed in PBS containing 0.3% Tween 20 (PBS-T). Dr Victor CW Tsang, of the Immunology Department, Division of Parasitic Diseases, Centers for Disease Control and Prevention, US, kindly provided the strips for IB with lentil-lectin-purified glycoproteins (LLGP) of T. solium and the reagents for IB.
Both IB, 18/14 and LLGP were performed similarly as described by Tsang et al. (1989) , with some modifications. The conjugate (1:8000) and sample (1:50) were diluted in PBS-T containing 1% skim milk (Nestle, Brazil). The presence of any band was considered as positive reaction for 18/14 (18-, 14 kDa) and for LLGP (50-, 42-39-, 24-, 21-, 18-, 14-, 13 
kDa).
Ab-ELISA -Flat-bottom polystyrene plates (Costar Corning, US) were coated with 100 µl of VF-Tcra (0.05 µg/well) in 0.5 M carbonate-bicarbonate buffer (pH 9.6) for 18 h at 4°C. Skim milk (5%) in PBS solution containing 0.05 % Tween 20 was used as a blockade. The conjugated [1:6,000 (Sigma, US)] and serum samples (1:50) were diluted in PBS-T containing 1% skim milk. Orthophenylenediamine (1 mg/ml) and H 2 O 2 (1 µl/ml) diluted in 0.2 M citrate buffer (pH 5.0) were used as chromogen substrate. Incubations were carried out at 37ºC for 1 h in all steps except for that with the substrate (15 min). The reaction was interrupted with 4 N H 2 SO 4. The absorbance was obtained at 492 nm in a plate reader (SLT-Spectra, US). The cut off was chosen using the ROC Curve as described by Kollef and Shuster (1994) .
Detection of circulating Ag by sandwich -ELISA (Ag-ELISA) -Serum samples were tested for detecting circulating Ag of T. solium using Ag-ELISA with anti-excretory/ secretory Ag of in vitro cultures of T. crassiceps cysticerci monoclonal Ab (anti-ES MoAb), obtained by Espindola et al. (2002) , at concentration of 0.34 µg/ml in PBS 0.02 M. The anti-ES MoAb was conjugated with biotin as described before (Harlow & Lane 1988) .
The coated plates were incubated at 37°C for 2 h and more 18 h at 4°C, and then the plates were washed with 0.15 M NaCl containing 0.05% Tween 20. A solution of 3% oxidized bovine serum albumin (Glass et al. 1981) in PBS solution containing 0.05% Tween 20 was used as blockade. The dilution solution of sample and conjugates was 1% oxidized bovine serum albumin in PBS solution containing 0.05% Tween 20. All incubations were carried out at 37°C, except for the serum samples, which were diluted 1:100, and incubated at 37°C for 1 h and at 4°C for 18 h. After washing, biotinylated Anti-ES MoAb at concentration of 0.14 mg/ml was incubated, and new washes were performed. The second conjugate avidinperoxidase (Sigma) was incubated. After washing procedures, the chromogenic substrate (OPD/ H 2 O 2 ) was added and the reaction was interrupted with 4 N H 2 SO 4 after 15 min. The absorbance was obtained at 492 nm in a plate reader (SLT-Spectra). The results were expressed in reactivity index (RI), which was the ratio between the absorbance of the tested samples and the blanks of the reactions. The blank was composed of all components of the assay, except the sample itself. The optimum dilution for the conjugates was obtained by titration using positive and healthy control samples. The cut off was chosen using the ROC Curve as described by Kollef and Shuster (1994) .
Ethics committee approval -Animal manipulations were approved by the Ethics Committee for Experimental Animals of the FCF-USP (project 13/2003) adopted by the Brazilian Committee for Experimental Animals.
RESULTS
Parasite burden -The animals were humanly slaughtered 140 days after the experimental infection, presenting no cysts by manually palpation tongue inspection. When conducting detailed post-mortem exam (not routinely used) it could be verified that the number of metacestodes in muscles varied significantly from one swine to another (1 to 85; 33.7 ± 31.3). All found cysts showed vesicular aspect. The efficiency of the experimental infection obtained was low, presenting a mean value of 0.17‰ (0.01 to 0.42‰). Three animals presented cysts in tongue by detailed post-mortem examination (Table  I) , although none was detected by tongue palpation.
Detection by Ab-ELISA and IB -The Ab-ELISA test with VF-Tcra showed sensitivity and specificity of 100% for the positive and negative control groups, respectively. The detection of Ab through the ELISA test was positive at the end of the experiment (collecting day 140) for five animals (71%). The 60-cyst animal and the 11-cyst swine did not present Ab on the slaughter day (Fig. 1) .
The reactivity started with the serum samples collected at 56 days post-experimental infection (days p.e.i.) for both IB (18/14 and LLGP). At 56 days p.e.i., the IB 18/14 was positive for four animals (57%), showing 1, 6, 47, and 60 cysts, while the IB LLGP was positive for two animals (29%), being one with one and the other with six cysts. The animal with six cysts was positive by IB 18/14 just in collecting day 56; however by IB LLGP the positivity was kept until the end.
By IB 18/14, the 26-cyst animal and the 85-cyst swine presented reactivity starting in 70 days p.e.i., with positivity of 71%, corresponding to five animals with 85, 26, 60, 47, and 1 cyst. The early-recognized band by IB 18/14 was 14 kDa.
By IB LLGP, the 85-cyst animal and the 26-cyst swine presented reactivity starting in 70 days p.e.i., with positivity of 57%, corresponding to the serum samples of four animals with 85, 26, 6, and 1 cyst. For two other animals (reaching 86% all together) reactivity became positive after 84 and 112 days of the experimental infection. The early-recognized bands were 50-and 24 kDa (29%), although the reactivity standard was really heterogeneous (Table II) .
In addition, the swine with 11 cysts showed reactivity in both IB tests only in the 70 days p.e.i. (Table II) .
Detection of circulating Ag by sandwich-ELISA (Ag-ELISA) -
The Ag-ELISA showed sensitivity and specificity of 100% (control groups). Serum samples of four animals (57%) presented reactivity starting in 112 days p.e.i. The swine with 11 cysts (showing negative reactivity by IB and Ab-ELISA at the end of the infection) and the one with six cysts presented reactivity for antigen in all samples (Fig. 2) . Fig. 1 : results expressed in absorbance levels, considering each collecting day (days p.e.i.) using enzyme-linked immunosorbent assay for antibody detection, of serum samples from seven experimentally infected pigs as well as from both the positive (C+) and the healthy (C-) control groups. The experimentally infected animals were represented according to the number of cysts found in the post-mortem examination. The association between Ag-ELISA with either IB (18/14 or LLGP) allowed the detection of all infected animals at the slaughter day (140 days p.e.i.). The use of IB 18/14 with Ag-ELISA detected all infected animals starting in 70 days p.e.i., while the IB LLGP associated with Ag-ELISA allowed the detection of all animals starting in 112 days p.e.i. (Table III) .
DISCUSSION
Several authors have agreed that swine with low cyst burden may escape from being detected by meat inspections therefore maintaining parasite transmission when slightly infected carcasses would remain in the food chain (Sciutto et al. 1998 , Nunes et al. 2000 . In our experiment, none of the animals, slaughtered after 140 days of the infection, showed clinical aspects of cysticercosis or cysts by tongue palpation. On the other hand, it is likely that conventional post-mortem exam, a visual inspection by macroscopic examination on different sites of the carcass including heart, diaphragm, masseters, tongue, neck, shoulder, intercostal, and abdominal muscles (Boa et al. 2002) , would not detect cysts on experimentally infected animals. In addition, a detailed post-mortem exam showed 1 to 85 cysts from one swine to another (Table I) . Other authors have agreed that usual necropsy is not appropriate to identify apparently healthy swine since lesions could be overlooked in animals with low infection levels (Gonzalez et al. 1990 ). Besides, the best routinely used exam requires several meat-screening cuts, damaging the product for commercial purposes. a: reactivity presented only once at that day p.e.i.; b: number of cysts found in each animal. The infection efficiency was very low. We cannot exclude the probability of only few eggs being viable at the moment of the experimental infection. Otherwise, after eggs ingestion, the outer shell of eggs are digested in the pigs stomach, releasing and activating the tiny onchospheres, which penetrate the intestinal blood vessels and reach the general circulation, so if the digestion procedure was not adequate it could result in the no liberation of the larvae from the eggs. On the other hand, in the experimental infection the eggs had to be discharged in the mouth of the animals, risks are that not all the eggs were adequately ingested.
Other authors have obtained infection efficiency varying from 0.28 to 5% (Molinari et al. 1983 , Pathak & Gaur 1990 , Nascimento et al. 1995 . The ingestion of entire proglottids is the most efficient way of infection (Nguekam et al. 2003) . We have to consider that all animals were exposed to an equal number of eggs and some parasites could be destroyed by the immune response of some animals during parasite development stages. The efficiency for establishing the infection may also depend on the viability of the eggs (Santamaria et al. 2002) .
The complete development of cysts can take about 60 days after eggs ingestion (Flisser 1991 , Carpio 2002 ). In our study only vesicular cysts were observed at 140 days p.e.i. In agreement with our results, Aluja et al. (1996) found caseous cysts only 200 days after the infection. On the other hand, Santamaria et al. (2002) found the presence of caseous cysts as early as 60 days after the experimental infection.
We used serum samples of healthy control group animals which had lived under good raising conditions and without contacting garbage or feces for the standardization of the immunoassays, reproducing the condition of experimentally infected animals. Thus, the reactivity observed for the experimentally infected group was expected to be only a result of the ingestion of T. solium eggs. The performance of immunoassays for detecting antigens and/or antibodies in slightly infected animals is not quite clear. The experimentally infected animals included in this research represent a group of slightly infected animals. In case commercialized animals raised under supervision and with origin control present infection, it is expected to be a slight one.
Although the Ab-ELISA showed 100% of positivity in the control group (highly infected animals) only five experimentally infected animals (71%) showed positive results of Ab at the end of the experiment (140 days p.e.i.). Sato et al. (2003) obtained better sensitivity, as early as 30 days after the experimental infection, in pigs with 16 or more cysts. The use of glycoproteins and recombinant Ag could justify such efficiency. If Ab-ELISA was used for screening purposes, a 0.4 cut off could be adopted allowing the detection of all infected animals. On the other hand, the specificity of the test would be of only 62%, turning the assay less interesting for screening animals since it would require the use of IB assay for confirming the infection, increasing its costs and screening time (Fig. 1) .
By both IB (18/14 and LLGP) the reactivity standard was found to be really heterogeneous (Table II) . The positivity rates were 71 and 86% at the end of the experiment (t140) for IB 18/14 and IB LLGP, respectively. In the IB LLGP the early-recognized bands were 50-and 24 kDa. On the other hand, Aluja et al. (1996) described that antigens of 13-, 14-, and 18 kDa were most frequently recognized in early infections and antigens of 50-, 39-42-, and 24 kDa were recognized during later stages of the infection. Additionally, Rodriguez-Hidalgo et al. (2006) found that the Ag of 50-and 39-42 kDa were the most recognized bands using serum samples of naturally infected pigs.
The difference of sensitivity observed in Ag-ELISA for the positive control group (100%) and the experimental infected animals (57%) was probably resulted from the low infection rate of the second group. We also have to emphasize that this assay showed high specificity (100%) in agreement with the other authors (Sciutto et al. 1998 , Nguekam et al. 2003 .
The results here obtained allowed to identify six infected animals (86%) by Ab detection (IB LLGP) and the seventh infected animal was detected by Ag-ELISA. The association of these methods enabled to detect all infected animals in 112 days p.e.i. The infection was detected in five animals (71%) by IB 18/14 and in the other two infected animals by Ag-ELISA. The association of these later mentioned methods enabled an earlier detection of all infected animals (starting in 70 days p.e.i.). It is possible that immunocomplexes were formed by Ag-Ab equivalence, or more probably by the excess of Ag, once the 6-cyst animal and 11-cyst animal showed reactivity in all the samples assayed in the Ag-ELISA (Fig.  2) . Nguekam et al. (2003) supposed that the strong variation in the circulating antigen level might be a result of cysticerci varying metabolic activity and/or of differences in the permeability of the connective tissue capsule around the cysts, only observed in swine with less than 100 cysts. These data are in accordance with our results and they also suggest further investigations on antigen detection that provides better results helping to screen animals in slaughterhouses.
Conducting Ag detection together with Ab researching methods seems to be adequate especially for groups with negative results in IB. The application of these methods in a larger number of animals, under adequate raising conditions, and the detailed analysis of each positive case could help to better define an algorithm to immunoassays applied in swine cysticercosis screening. It is important to point out that the use of immunoassays for detecting Ab and/or Ag showed to be more useful than clinical and/or post-mortem examination for cysticercosis screening in slightly infected swine. The application of these immunoassays for swine cysticercosis screening, either in slaughterhouses or in extensive porcine farming, could improve the controlling procedures concerning the T. solium cysticercosis, bringing effective contribution to the eradication of the taeniasis-cysticercosis complex.
